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Abstract
Background: temporomandibular disorders are pathological conditions which involve 
temporomandibular joint. Their etiopathogenesis is multifactorial. Therefore it’s interesting to analyse 
their correlation with other structures of the oral cavity such as tongue. The context and purpose of 
the study: to investigate the eventual correlations between temporomandibular disorders and atypical 
swallowing and between temporomandibular disorders and dyslalia in adult subjects. It is also studied 
the association between atypical swallowing and dyslalia in temporomandibular disorders and in healthy 
patients. 
Main fi ndings: this study shows that the prevalence of atypical swallowing in the group with TMD is 
greater than in the group without TMD. These results suggest the presence of atypical swallowing could 
be used to detect an increased risk of temporomandibular disorders. 
Results: the prevalence of temporomandibular disorders among subjects with or without 
atypical swallowing is respectively 67.7% and 46.7%, being statistically signifi cant. The prevalence of 
temporomandibular disorders among subjects with or without dyslalia is respectively 62.5% and 48.9%, 
resulting not statistically signifi cant. The prevalence of dyslalias in subjects with atypical swallowing is 
28.6% in the group with temporomandibular disorders and 30.0% in the group without temporomandibular 
disorders. Therefore our study confi rms the association between atypical swallowing and dyslalia, 
regardless of the fact that the treated patients were affected by temporomandibular disorders. 
Conclusion: To our knowledge, this is the fi rst study that investigates the existence of associations 
between temporomandibular disorders and tongue position in swallowing and phono-articulation in the 
adult population.  
Brief summery: an observational case-control study was conducted. The total sample consisted 
of 100 adult subjects with temporomandibular disorders and 100 healthy adult subjects. All patients 
underwent a gnatology test, using Helkimo disfunction index, a phonemic test linked to evaluation of 
spontaneous speech for dyslalias and they eventually underwent a swallowing test. Comparison between 
groups with and without TMD was made using the chi-square test or Fisher’s exact test or test-parametric 
Mann-Whitney. Signifi cance values p less than 0.05 were considered statistically signifi cant. 
Any potential implications: this study provides the basis for conducting further longitudinal studies 
to clarify the nature of the inter-relationships examined. 
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Background 
Temporo-mandibular disorders (TMD) include a variety 
of pathological conditions involving masticatory muscles, 
temporo-mandibular joint and associated structures [1]. 
Atypical swallowing is a “model” of swallowing 
characterized by contact between tongue tip and the upper or 
lower arch or interposed between them [2]. 
Dyslalia are disorders of articulation of the phonemes, 
caused by functional or organic alterations in the phonatory 
system [3]. 
As part of the multifactorial features of temporo-
mandibular disorders [4-6], it could be clinically relevant to 
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examine the relationship between TMD and tongue position in 
swallowing and phono-articulation. 
The existence of a possible correlation between temporo-
mandibular disorders, atypical swallowing and dyslalias has 
been studied in pediatric patients and the results reported in 
literature are sometimes controversial [7-10]. Currently, there 
are no data concerning the adult population. 
The primary objective of this study is to examine whether 
in adult patients there is an association between temporo-
mandibular disorders and atypical swallowing and between 
temporo-mandibular disorders and dyslalia. 
Studies have shown the existence of a relationship between 
atypical swallowing and dyslalia [2,3,11]. The secondary 
objective is to establish if in adult subjects this association 
is different between subjects with or without temporo-
mandibular disorders. 
Materials and Methods
The observational case-control study was conducted on 
100 adult patients with temporo-mandibular disorders and 100 
healthy subjects. 
Patients with TMD were recruited sequentially, over a 
period of six months, in the Unit of Odontostomatology and 
Oral Prevention, San Paolo Hospital, University of Milan. They 
were matched by gender and age (+/- 2 years) with control 
subjects not affected by TMD, recruited from the staff of the 
Unit of Temporomandibular Disorders and Orofacial Pain, San 
Paolo Hospital, and patients of the Unit of Odontostomatology 
and Oral Prevention, San Paolo Hospital, being treated for 
simple conservative treatments or debridement. The informed 
consent of all patients has been obtained in accordance to the 
principles of Nuremberg Code, The Declaration of Helsinki and 
The Belmont Report. The project was executed so as not to cause 
any risk of harm and discomfort to patients. All the procedures 
are founded on scientifi c literature and are routinely used in 
clinical practice.  
The subjects of both groups underwent an accurate 
gnathological examination to assess the effective presence of 
TMD. The evaluation was performed using a modifi ed version 
of Helkimo’s dysfunction index [12], which is based on the 
evaluation of the functional state of the masticatory system, 
taking into consideration: 
A. Opening range: it was measured as the distance between 
upper and lower central incisor 
●> 40 mm = score 0 
● 30-39 mm = score 1 
● < 30 mm = score 5 
B. Mandibula deviation during lowering: 
● < 2 mm = score 0 
● 2-5 mm = score 1  
● > 5 mm= score 5 
C. TMJ dysfunction: clicking, locking and luxation were 
evaluated:
● no impairment = score 0 
● palpable clicking = score 1 
● evident clicking, locking and luxation = score 5  
D. TMJ pain: 
● no pain = score 0 
● palpable pain = score 1 
● palpebral refl ex = score 5  
E. Muscle pain: 
● no pain = score 0 
● palpable pain = score 1 
● palpebral refl ex = score 5 
For each clinical sign, a score of 0, 1 or 5 points was 
assigned based on the presence and severity. The classifi cation 
of clinical dysfunction, according to total score, includes: 
● No disfunction (D.0) = 0 points 
● Mild dysfunction (D.I) = from 1 to 4 points 
● Moderate dysfunction (D.II) = from 5 to 9 points 
● Severe dysfunction (D.III) = from10 to 25 points 
All patients, in addition, underwent a swallowing 
examination to evaluate the presence of atypical swallowing. 
The swallowing examination consists of two phases of 
investigation: a phase of observation at rest and a phase of 
observation in the act of swallowing, breathing and articulation, 
in which the attention is placed on the position of the teeth, 
tongue, lips and oro-facial musculature. 
The phase of extraoral observation at rest includes the 
evaluation of lines of symmetry of the face. Furthermore, it 
is necessary to detect characteristics typical of the so-called 
“facies adenoidea”: accentuated circles, small nose and narrow 
nostrils, incompetent and hypotonic lips [13]. In the phase of 
intraoral observation at rest we evaluated: dental formula, 
molar and canine relationships, overjet and overbite, upper 
and lower interincisive midlines, health of teeth and gums, 
shape of the palate and presence of hypertrophic tonsils. 
Particular attention should be paid to the posture of the tongue 
at rest: it can be on the palatal rugae (normal posture), against 
upper or lower incisors or interposed between the dental 
arches. In the extra and intra-oral observation, we evaluated 
the position of lips and tongue during swallowing. At fi rst, we 
observed the patient in spontaneous swallowing of saliva, then 
in swallowing of water. A correct kinetics is characterized by 
tongue on the palatal rugae, lips in contact without effort and 
teeth in occlusion: this is the physiological swallowing [14]. In 
case of atypical swallowing we can observe: incompetence or 
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hypertonic contact of lips with contraction of the orbicularis 
oris muscle, mentalis muscle and possible accentuation of the 
labiomental groove. In the intraoral functional examination, the 
position of the tongue is evaluated using a particular maneuver: 
while the patient swallows, the lower lip is lowered gently, but 
fi rmly to counteract the force exercised by the orbicularis oris 
muscle. The diffi culty in swallowing, with the attempt by the 
orbicular to close the dental gap and the incorrect posture of the 
tongue interposed between teeth are two important diagnostic 
elements. The tongue can make contact with upper or lower 
incisor or can be interposed between dental arches [15]. At the 
same time the focus is also on the position of dental arches and 
jaw. The jaw at rest presents physiologically dental arches not 
in contact with each other. During normal swallowing, it rises 
thanks to the contraction of jaw elevators bringing the teeth 
into contact, but without effort; palpating the temporal muscle 
and the masseter muscle, we can detect this contraction, while 
this doesn’t happen if the patient swallows without clenching 
his teeth. The patient can therefore swallow: physiologically 
(normal adult swallowing), lips and teeth in contact without 
effort and tongue on rugae; deviating with a simple tongue 
thrust: evident contraction of orofacial muscles, anterior 
tongue thrust, clenching dental arches; deviating with complex 
tongue thrust: evident contraction of the orbicular oris muscle 
and the mentalis muscle, no contraction of  jaw elevators, 
anterior tongue thrust, open dental arches with tongue and/or 
lower lip interposed [16]. 
Finally, they underwent a phonemic examination to detect 
any phonoarticulatory disturbance, integrating this test with 
an evaluation of the spontaneous speech during the visit. 
The modifi ed Schindler’s phonemic exam is used because 
it’s a valuable tool for the ease and speed of application. 
This exam consists in the repetition of simple words (mostly 
bisyllabic) containing different phonemes of the language, in 
initial and/or median position, and some consonant clusters. 
Using this test, it is possible to detect the presence of dislalia, 
the completeness of the phonetic inventory on repetition and 
the presence of some simplifi cations; on the basis of present 
phonemes it is possible to establish the performance range of 
patients [17]. 
The sample size was calculated to detect an odds ratio 
equal to or greater than 2.5 of atypical swallowing in patients 
with TMD compared to controls, assuming a fi rst-type error 
of 5% and 80% power. Comparison between subjects with or 
without temporomandibular disorders (TMD) was conducted 
using the Chi-square test or Fisher’s exact test, or the Mann-
Whitney non-parametric test, when appropriate. Finally, the 
association between atypical swallowing and dyslalias in the 
total sample of subjects was tested separately in groups with 
or without TMD. Signifi cance values p less than 0.05 were 
considered statistically signifi cant (two-tailed test). The SPSS 
program (SPSS Inc., Chicago, IL, USA) was used for statistical 
analysis. 
Results and Discussion  
The prevalence of atypical swallowing in the group with 
TMD is 21%, compared to 10% of the group without TMD. This 
difference is statistically signifi cant (p=0.032; chi-square test), 
with odds ratio of 2.39 and relative 95% confi dence interval 1.01 
- 5.83. However, the prevalence of dyslalia in the group with 
TMD is 10%, while in the group without TMD it is 6%. This 
difference is not statistically signifi cant (p = 0.435, Fisher’s 
exact test). A stratifi ed analysis by gender did not show any 
signifi cant difference in the prevalence of atypical swallowing 
between males and females in subjects with TMD (prevalence: 
females 21.5%, males 20%, p> 0.05) or in those without TMD 
(prevalence: females 10.8%, males 8.6%, p> 0.05). Similar 
results have been obtained for dyslalia. Specifi cally, the analysis 
showed no signifi cant difference in the prevalence of dyslalia 
between males and females in subjects with TMD (prevalence: 
females 12.3%, males 5.7%, p> 0.05) or in those without TMD 
(prevalence: females 6.2%, males 5.7%, p> 0.05), as illustrated 
in table 1. 
The prevalence of TMD among subjects with or without 
atypical swallowing is equal to 67.7% and 46.7%, respectively, 
being statistically signifi cant (p<0.05), as shown in fi gure 1. 
The results in literature, related to research conducted in 
pediatric age, are controversial for atypical swallowing [7-10]. 
The prevalence of TMD among subjects with or without 
dyslalia is 62.5% and 48.9%, respectively, resulting not 
statistically signifi cant (p=0.435), as shown in fi gure 2.  
Finally, the association between atypical swallowing and 
dyslalia, in the overall sample of subjects and separately 
in groups with or without TMD, was tested. The association 
between the presence of dyslalia and atypical swallowing was 
found statistically signifi cant in patients with TMD (p <0.001; 
odds ratio = 7.5; 95% CI = 1.9 - 29.9) and in controls (p = 0.013; 
odds ratio = 12.4; 95% CI = 2.1 - 73.4), as illustrated in table 2. 
This association is widely reported in literature [2,3-11]. 
Table 1: association of TMD with atypical swallowing and dyslalia.
 TMD    
 Yes  (n=100)n (%) No  (n=100) n (%) OR 95% CI p
Atypical 
swallowing
21 (21, 0%) 10 (10, 0%) 2.39 1,01 -  5,83 0.032
Dyslalia 10 (10, 0%) 6 (6, 0%) 1.74 0,55 -  5,65 0.435
0,0%
25,0%
50,0%
75,0%
100,0%
Atypical swallowing No Atypical swallowing
46,7%
67,7%
Atypical swallowing
No Atypical swallowing
Figure 1: Prevalence of TMD in subjects with or without atypical swallowing. 
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The prevalence of dyslalia in subjects with atypical 
swallowing is comparable in the two groups with or without 
TMD: respectively, 28.6% and 30.0% (p=0.999), as shown in 
fi gure 3. 
Conclusion 
In conclusion, the results of this observational case-
control study, the fi rst to our knowledge to be conducted on 
the adult population. It suggests the existence of a statistically 
signifi cant association between TMD and atypical swallowing 
but not between TMD and dyslalia. No association was 
found between TMD and dyslalia. Our study has confi rmed 
secondarily the association between atypical swallowing and 
dyslalia, regardless of temporomandibular disorders. 
Given the observational nature of the study, it is not possible 
to draw any conclusion on the possible etiologic relationship 
between TMD and atypical swallowing. Longitudinal studies 
with adequate statistical boots are needed to clarify the possible 
inter-relationships between TMD and atypical swallowing.
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Figure 2: Prevalence of TMD in subjects with or without dyslalia.
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Table 2: Association between atypical swallowing and dyslalia
  Dyslalia  
All subjects    
(n=200)
 Yes (n=16) n (%)
No (n=184)       
n (%)
p
31 Atypical swallowing 
(n=31)
9 22
<0,0001
 29.0% 71.0%
169 No Atypical 
swallowing(n=169)
7 162
 4.1% 95.86%
  Dyslalia  
Subjects with 
TMD (n=100)
 Yes (n=10) n (%)
No (n=90)          
n (%)
p
21 Atypical swallowing 
(n=21)
6 15
<0,001
 28.6% 71.4%
79 No Atypical 
swallowing (n=79)
4 75
 5.1% 94.9%
  Dyslalia  
Subjects 
without TMD 
(n=100)
 Yes (n=6) n (%)
No (n=94)          
n (%)
p
10 Atypical swallowing 
(n=10)
3 7
0.013
 30.0% 70.0%
90 No Atypical 
swallowing (n=90)
3 87
 3.3% 96.7%
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